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Abstract 
This paper shows the possibility of using a microheterogeneous 
model to describe the properties of ion-exchange membranes and 
calculate the characteristics of a reverse electrodialyzer from the da-
ta obtained. We studied the properties of eight samples of heteroge-
neous cation exchange membranes (two samples of each type of 
membrane). The samples differed in the year of issue and storage 
conditions. It is shown that for heterogeneous ion-exchange mem-
branes MK-40 and MA-41, the samples' properties can differ signifi-
cantly. The counterions transport numbers calculated within the 
framework of the microheterogeneous model for Ralex membranes 
differ insignificantly. The counterion transport number in 1 mol/L 
sodium chloride solution is 0.96 for Ralex CM and 0.98 ± 0.01 for 
Ralex AMH. For the MK-40 membrane, the transport number in the 
same solution is 0.94 ± 0.04, and for the MA-41 membrane, it is 
0.85 ± 0.1. The possibility of calculating the transport numbers and 
predicting the open-circuit voltage based on simple physicochemical 
measurements allows selecting the best membrane pairs for the re-
verse electrodialysis process. Comparison of the open-circuit poten-
tial value calculated using the obtained transfer numbers with exper-
imental data showed that in the case of using Ralex membranes, the 
difference between the experimental and calculated values is 2%. 
The calculated value of the open circuit potential was 0.19 
V/membrane pair or 1.69 V for the investigated reverse electrodi-
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1. Introduction
Electrodialysis is an electromembrane process designed to 
remove ionic impurities from aqueous solutions. In elec-
trodialysis, ion-exchange membranes of two types are 
used: cation-exchange membranes permeable only for cat-
ions and anion-exchange membranes permeable only for 
anions. When an electric current is applied to the electro-
dialysis apparatus, which consists of a plurality of alter-
nating cation-exchange and anion-exchange membranes, 
migration of cations occurs through the cation-exchange 
membranes and the migration of anions through the ani-
on-exchange membranes. During the operation of the elec-
trodialyzer, the concentration of ionic components in one 
chamber, called the desalination chamber, decreases, and 
in the other, called the concentration chamber, increases. 
The two membranes (cation exchange and anion ex-
change) and the desalination chamber and the concentra-
tion chamber are collectively called a membrane pair. The 
collection of all membrane pairs in an electrodialyzer is 
called a membrane stack. 
Electrodialysis can be used in several industrial pro-
cesses associated with the transfer of ions: desalination of 
aqueous solutions [1,2], electromembrane synthesis [3], 
concentration of salts and acids [4,5], processing solutions 
in the agro-food industry [6], processing highly concen-
trated effluents from installations for obtaining drinking 
water from the sea [7,8]. In the latter case, the generated 
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highly concentrated effluents can also be used as a source 
of “blue” electricity using a process called reverse electro-
dialysis [9]. 
Reverse electrodialysis is a process of generating elec-
tricity based on the utilization of energy released when 
two solutions with different concentrations are mixed. 
When using an ion-exchange membrane, which separates 
concentrated and dilute electrolyte solutions, due to the 
diffusion of a substance through the membrane, an ion 
flux (electric current) occurs. At the interfaces between a 
dilute solution/membrane and a membrane/concentrated 
solution, a potential difference occurs called the Donnan 
potential. The sum of the two potential drops at the left 
and right sides of the membrane is called the membrane 
potential (Em). Its value is determined by the ratio of ions' 
activities in solutions to the right and left of the mem-
brane. Since each of the two membranes (cation-exchange 
(CEM) and anion-exchange (AEM)) has its own membrane 
potential, the total potential drop on the membrane pair 
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where N is the number of membrane pairs; α is the perm-
selectivity of ion-exchange membrane; c is the electrolyte 
concentration, mol/L; γ is the ion activity coefficient; low-
er indexes “b” and “d” denote high concentration solution 
(brine) and low concentration solution (diluate); n is the 
number of electrons; R, T, F are universal gas constant, 
absolute temperature, and Faraday constant. 
In recent years, interest in reverse electrodialysis has 
grown significantly, as evidenced by many reviews devot-
ed to this topic. Tian et al. [10] considered the effect of the 
electrode material and the redox pair used, the most im-
portant operating parameters (solution pumping rate, 
concentration of brine and dilute solutions, membrane 
channel geometry, etc.) were considered by Mei and Tang 
[11], current achievements and existing problems are dis-
closed by Pawlowski et al. [12]. 
For the first time, the possibility of transforming the 
concentration gradient in natural conditions (for example, 
at the mouth of a river flowing into the sea) was shown by 
Pattle in 1954 [13]. The energy density obtained in work 
was 0.2 W/m
2
 at 39 °C using a hydroelectric pile com-
posed of alternate 47 CEMs and 47 AEMs. 
Further development of the technology made it possi-
ble to increase the energy density. Nowadays, the average 
value of the energy density is 0.94 ± 0.4 W/m
2
 when using 
a concentrated solution, either solution from solar ponds 
or effluents from desalination plants (data from review 
[14] were taken to calculate the average value). 
The increase in power density is achieved in various 
ways. Researchers pay special attention to the ion-
exchange membranes used and their properties [14–16]. 
One of the key properties of membranes is their selectivi-
ty, i.e., cation-exchange membranes' ability to transfer 
only cations, and of anion-exchange membranes only ani-
ons. Considering the imperfect selectivity of ion-exchange 
membranes, the equation for the open-circuit voltage 
















) , (2) 
where 𝑇CEM
+ , 𝑇AEM
−  are the counterion transfer numbers in 
the cation- and anion-exchange membrane; 𝑡+, 𝑡− are the 
counterion transfer numbers for a given membrane in so-
lution. 
The open circuit voltage is the driving force of the RED 
process and represents the sum of potential differences 
over each membrane [17]. 
The terms in the last parenthesis in Eq. (2) represent 
the selectivity of the cation-exchange and anion-exchange 
membranes (the first term in parentheses is 𝛼CEM, and the 
second is 𝛼AEM). The membranes' selectivity can be deter-
mined knowing the values of the counterion transport 
number in the membrane, for which the membrane poten-
tial method can be used [18]. However, the transport 
numbers determined by this method will be “apparent” 
since they do not consider the transfer of water molecules 
within the hydration shells of ions. To obtain the “true” 
value of the transport number, one can use the Skachard 
equation [19]. However, its use requires the water 
transport number's values, which are also difficult to de-
termine experimentally. 
One can calculate the “true” transport numbers across 
an ion-exchange membrane from the concentration de-
pendences of electrical conductivity and diffusion permea-
bility using the microheterogeneous model [20]. In view of 
the microheterogeneous model, the ion-exchange mem-
brane is represented as a combination of two phases called 
“gel” and “intergel solution”. Integral properties of the 
membrane, such as electrical conductivity and diffusion 
permeability, are determined as the geometric mean of 
some electrotransport coefficients different for the gel and 
intergel phases. 
The aim of this work is to test the possibility of using a 
microheterogeneous model and data on the concentration 
dependence of the transfer numbers of ions for various 
ion-exchange membranes to calculate the open-circuit po-
tential and select the best membrane pair for carrying out 
the reverse electrodialysis process. 
2. Experimental 
2.1. Membranes 
The objects of the study were heterogeneous ion-exchange 
membranes MK-40, MA-41 (Shchekinoazot, Russia), and 
Ralex CM, Ralex AMH (Mega a.s., Czech Republic). Two 
samples of each membrane were studied representing 
membranes of different batches and years of production 
(named batch 1 and batch 2 later in the text). 
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The properties of membranes can change during stor-
age because of material degradation due to UV radiation, 
exposure to atmospheric oxygen, changes in temperature 
and humidity. In addition, the batches of ion-exchange 
membranes themselves may differ in their properties, 
which depend on the conditions for obtaining each specific 
batch. 
Table 1 shows the years of production of the tested 
membranes. 
All studied heterogeneous membranes were produced 
by hot pressing (MK-40, MA-41) or rolling (Ralex CM, 
Ralex AMH) of the thermoplastic mixture consisting of the 
fine powder of the ion-exchanger and polyethylene, in the 
approximate ratio of 2:1. The ion-exchanger used in the 
production of membranes MK-40, MA-41, Ralex CM and 
Ralex AMH can be classified as polymer obtained by copol-
ymerization of polystyrene with divinylbenzene. By type of 
the ionogenic groups, the membranes MK-40 and Ralex 
CM are strong-acid cation-exchange with sulfonic acid 
ionogenic groups, MA-41, Ralex AMH are strong-basic ani-
on-exchange with quaternary ammonium bases. 
Physicochemical properties of the membranes provided 
by the manufacturers are given in Table 2. 
All membranes were subjected to the following pre-
treatment procedure prior to the study:  
a. surface treatment with carbon tetrachloride for de-
greasing;  
b. soaking in ethanol for 6 hours to remove residues of 
monomers and oligomers from the ion-exchange resin;  
c. soaking of the membrane in excess volume (≈20 vol-
umes of the membrane) of 1 M NaCl solution for 
24 hours;  
d. washing of the obtained membranes with deionized 
water to a constant value of the electrical conductivity 
of the wash water. 
The membranes prepared by this method were equili-
brated with the working solution in which they were 
stored before the testing. 
2.2. Study of the electrical conductivity 
A mercury-contact method [22] was used for the study of 
the electrical conductivity of membranes. In this method, 
the membrane is placed between two mercury electrodes, 
so that a perfect adjoining of the electrode surface to the 
membrane is achieved. The internal resistance of mercury 
is insignificant in comparison with membrane resistance, 
which allows attributing the whole measured value to the 
membrane resistance only. The membranes were “air-
dry”; thus, the formation of electrode/solution and solu-
tion/membrane non-ohmic boundaries is excluded. To ob-
tain “air-dry” membranes the excess electrolyte solution 
was removed from the membrane surface prior to the 
measurement. Presence of the solution on the membrane 
surface may lead to an apparent low conductivity of the 
membrane as shown in [23]. 
A mercury-contact cell with a membrane was connect-
ed to the PARSTAT 4000 impedance meter (Fig. 1a). The 
connection was made using a two-electrode circuit. 
The spectrum of the electrochemical impedance of the 
membrane (Fig. 1b) was recorded in the frequency range 
from 500 kHz to 10 Hz with a zero constant current com-
ponent and an amplitude of the alternating current signal 
of 100 μA. 
Extrapolation of the spectrum’s linear section in the 
high-frequency area allows obtaining a value of the active 
(ohmic) membrane resistance (R) (Fig. 1b). The obtained 
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The obtained value of electrical conductivity is called 
electrical conductivity in alternating current, it is related 





𝑓2  , (4) 
where 𝜅𝑚
AC is the experimentally determined electrical  
 
Table 1 Year of production of membranes studied 
Membrane* MK-40 1 MK-40 2 Ralex CM 1 Ralex CM 2 MA-41 1 MA-41 2 Ralex AMH 1 Ralex AMH 2 
Year of production 2002 2015 2008 2017 2010 2015 2008 2017 
* the number near the membrane name indicates the batch 
Table 2 Physicochemical properties of the membranes studied 




Ion-exchange resin Lewatit S100 Lewatit M500 KU-2-8 AV-17-8 
Inert binder LDPE 
Reinforcing mesh Ulester 32S Nylon 
Ion-exchange capacity,  
mmol/g-wet 
1.12 0.86 1.08 0.91 
Water content, % 44 45 33 36 
Wet thickness, μm 720 750 540 530 
Radii of the ion-exchanger  
on the membrane surface [21], μm 
1-14 - 2-26 - 
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Fig. 1 The scheme of the mercury-contact cell (а) and a frequency spectrum example of the electrochemical impedance (b).  
1 – mercury-contact cell, 2 – studied membrane, 3 – platinum electrodes, 4 – mercury, 5 – impedance meter.
conductivity of the membrane on alternating current, 
S/cm; t+ is the counterion transport number in the solu-
tion; f2 is the portion of intergel solution in the membrane 
[20]. 
2.3. Study of the diffusion permeability 
A non-flow two-chamber cell was used for the study of the 
diffusion permeability. One half of the cell contained a salt 
solution, and the second half contained distilled water 
(Fig. 2). The half-cells were separated from each other by 
the studied membrane. A flow water jacket with constant 
temperature due to the thermostat was used outside the  
 
Fig. 2 Diffusion cell diagram. 1 - diffusion cell, 2 - studied mem-
brane, 3 - mechanical mixers, 4 - platinum electrodes, 5 - semi-
cell containing salt solution, 6 - semi-cell containing distilled wa-
ter, 7 - water cooling jacket, 8 - computer, 9 - E7-21 immittance 
meter 
non-flow semi-cells. The solutions in the non-flow cells 
were vigorously mixed using vertical mechanical mixers. 
This mixing is necessary to minimize the concentration 
polarization in the chamber and to eliminate the effect of 
the diffusion layer on the transport of ions through the 
membrane. It was experimentally determined that to re-
move the effect of concentration polarization on the pa-
rameters of diffusion transport through the membrane, a 
rotational mixers speed of 800 rpm is necessary. The re-
sistance of distilled water was measured during the exper-
iment at a frequency of 1/20 s using Pt/Pt electrodes con-
nected to the E7-21 immittance meter. 
Based on the calibration dependence of the solution 
concentration on its resistance, the initial experimental 
data were recalculated into the concentration change rate 
of time 𝑑𝑐 𝑑𝜏⁄ . Based on the obtained data, it is possible to 
calculate the salt flow through the membrane (jm) and the 
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2.4. Electromigration transport numbers  
of salt ions 
Electromigration transport numbers of counter and co-
ions can be calculated based on the data on the diffusion 
permeability and electrical conductivity of an ion-
exchange membrane [20]. 
For a 1:1 electrolyte, the counterion transport number 
(𝑡𝑔





 , (7) 
where 𝐿𝑔 and 𝐿𝑐𝑜 are the electrodiffusion coefficients of 
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where 𝑃∗ is the differential diffusion permeability coeffi-
cient at concentration c, m2/s, c is the concentration of the 
external solution, mol/m
3
; 𝜋± is the correction factor for 
the nonideality of the solution; F, R, T are the Faraday 
constant, the universal gas constant and the absolute tem-
perature. 
The differential diffusion permeability coefficient is 
calculated from the integral diffusion permeability coeffi-
cient (𝑃𝑚): 
𝑃∗ = 𝑃𝑚 + 𝑐
𝑑𝑃𝑚
𝑑𝑐
 . (9) 
The correction factor for the nonideality of the solu-
tion: 
𝜋± = 1 + 𝑐
𝑑 ln 𝛾±
𝑑𝑐
 , (10) 
where 𝛾± is the average ionic activity ratio of the electro-
lyte. 
3. Results and Discussion 
3.1. Conductivity measurements 
The results of measuring the electrical conductivity of ion-
exchange membranes of two batches in a wide range of 
concentrations are shown in Fig. 3. 
Within the microheterogeneous model, the conductivi-
ty of a heterogeneous ion-exchange membrane is the geo-
metric mean of the conductivities of the phase of the ion-
exchange material itself (the so-called “gel”) and the 
phase of an electrically neutral solution (also called inter-
gel solution). The gel phase includes the polymer matrix of 
the ion exchanger, the condensed ion pairs counterion-
fixed group, the solution inside the electric double layer, 
the reinforcing fabric, and the inert binder. The intergel 
phase includes a solution that predominantly occupies 
macropores in the ion-exchange membrane phase. It is 
generally accepted that such a solution's physicochemical 
properties do not differ from the properties of an equilib-
rium external solution. 
In view of the above, the conductivity of the membrane 





𝛼⁄  , (11) 
where 𝑓1 and 𝑓2 are the fractions of gel and intergel solu-
tions and 𝑓1 + 𝑓2 = 1; 𝜅𝑚, 𝜅𝑖𝑠𝑜 and 𝜅𝑠 are the electrical con-
ductivities of the membrane, gel and external solution, 
S/cm; α is the characteristic parameter which describes 
the spatial distribution of conducting phases in the mem-
brane (α = +1 for parallel and α = –1 for series-connected 
phases – in real samples the α parameter takes values in 
range 0.1-0.3). 
In dilute solutions near the point of isoelectric conduc-
tivity (such a value of electrical conductivity when 
𝜅𝑚 = 𝜅𝑠 = 𝜅𝑖𝑠𝑜), Eq. (11) is simplified: 
𝜅𝑚 = 𝜅𝑖𝑠𝑜
𝑓1 𝜅𝑠
𝑓2  . (12) 
It can be seen that the linearization of the equation in 
logarithmic coordinates lg 𝜅𝑚 = 𝑓(lg 𝜅𝑠) . makes it possible 
to determine the value of the parameter 𝑓2. 
The found values of the parameter 𝑓2 and the coordi-
nates of the isoelectric conductivity point for the mem-
branes under study are given in Table 3. 
Table 3 Values of coordinates of the point of isoelectric conduc-
tivity and transport-structural parameter 𝑓2 for the studied ion-
exchange membranes 
Membrane* 𝑓2  𝜅𝑖𝑠𝑜, mS/cm 𝑐𝑖𝑠𝑜, mol/L 
MK-40 1 0.10 5.0 0.046 
MK-40 2 0.12 6.0 0.056 
Ralex CM 1 0.06 3.6 0.032 
Ralex CM 2 0.03 4.0 0.037 
MA-41 1 0.12 1.9 0.017 
MA-41 2 0.14 2.8 0.025 
Ralex AMH 1 0.04 4.3 0.039 
Ralex AMH 2 0.07 4.6 0.042 
* the number near the membrane name indicates the batch 
  
a b 
Fig. 3 Concentration dependence of the electrical conductivity of the ion-exchange membranes batch 1 (a) and batch 2 (b).  















































Chimica Techno Acta 2021, vol. 8(2), № 20218205 ARTICLE 
6 of 9 
It can be seen that for heterogeneous Ralex mem-
branes, the value of the 𝑓2 parameter is comparable to the 
value of this parameter for homogeneous membranes. 
Such values of this parameter were obtained in other 
works [24–26]. In [24], the authors suggested that such a 
value of the fraction of the intergel solution for these 
membranes is a consequence of the fact that the particles 
of the ion exchanger in these membranes are small enough 
and, at the same time, there are no macroscopic cavities 
inside the membrane, which electrically neutral solutions 
can occupy. These structural features of Ralex membranes 
were demonstrated by Akberova et al. [27] and Slouka 
et al. [28]. 
From the point of view of the influence on reverse elec-
trodialysis, a large value of the parameter 𝑓2 (characteris-
tic of heterogeneous membranes MK-40, MA-41), on the 
one hand, provides high electrical conductivity. This dif-
ference is especially large in dilute solutions (Fig. 3). On 
the other hand, the electrically neutral solution in the 
membrane’s pores causes the decrease in selectivity. 
Another factor that attracts attention is large scatter of 
electrical conductivity values among the samples under 
study (Fig. 3). According to Veerman, commercial mem-
branes are not chemical compounds with unchanging 
properties; different lot numbers, years of production, and 
storage conditions can influence their properties [29]. 
3.2. Diffusion permeability 
As already mentioned in the introduction, the membrane 
potential is significantly influenced by the selectivity of 
the membranes. Diffusion permeability is a value that 
characterizes the non-selective flux of electrolyte through 
an ion-exchange membrane. 
The results of measuring the diffusion permeability of 
the studied ion-exchange membranes are shown in Fig. 4. 
The results obtained for diffusion permeability also differ 
significantly for all studied membranes. For some sam-
ples, the results obtained when measuring the diffusion 
permeability correlate well with the results obtained when 
studying the electrical conductivity. For Ralex membranes, 
low values of the 𝑓2 parameter are characteristic, which is 
reflected in the low dependence of the integral coefficient 
of diffusion permeability on the concentration of the ex-
ternal solution. At the same time, for the second batch, 
despite the same low value of the 𝑓2 parameter, the diffu-
sion permeability is comparable to the diffusion permea-
bility of MK-40 and MA-41 membranes. Meanwhile, no 
such dependence was revealed for MK-40 and MA-41 
membranes. Despite the different values of the integral 
coefficients of diffusion permeability obtained for differ-
ent samples, the nature of the relationship between them 
does not change significantly. 
To calculate the transport numbers according to 
Eq. (8), the differential (also sometimes called “local” 
[26]) diffusion permeability coefficient is used. In contrast 
to the experimentally determined integral coefficient of 
diffusion permeability, which is the average value over the 
entire thickness of the ion-exchange membrane, the dif-
ferential coefficient corresponds to the diffusion permea-
bility of a thin ion-exchange film in equilibrium with a 
“virtual solution” with a certain concentration c at a point 
in space x. To move from one coefficient to another, the 
following transformation is usually employed: 
𝑃∗ = 𝑃𝑚 + 𝑐
𝑑𝑃𝑚
𝑑𝑐
= 𝑃𝑚𝛽𝑗  , (13) 
where 𝛽𝑗 = 𝑑 lg 𝑗𝑚 𝑑 lg 𝑐⁄  is the parameter which character-
izes the concentration profile in the ion-exchange mem-
brane [30] (linear at 𝛽𝑗 = 1, convex at 𝛽𝑗 > 1 or concave at 
𝛽𝑗 < 1). 
The parameter values found on the basis of experi-
mental data are shown in Table 4. 
  
a b 
Fig. 4 Concentration dependence of the diffusion permeability of the ion-exchange membranes batch 1 (a) and batch 2 (b). Membranes: 
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Table 4 Parameter 𝛽𝑗 values found for the studied ion-exchange membranes 
Membrane MK-40 1 MK-40 2 MA-41 1 MA-41 2 Ralex CM 1 Ralex CM 2 Ralex AMH 1 Ralex AMH 2 
𝛽𝑗 1.39 1.35 1.36 1.26 1.22 1.43 1.02 1.39 
 
3.3. Transport numbers and OCV 
According to the microheterogeneous model, the transport 
numbers are determined by the combined action of two 
factors – the electrical conductivity of the membrane 
(which is mainly determined by the counterion transport) 
and its diffusion permeability (which is determined by the 
co-ion transport). Moreover, both of these parameters 
depend on each other [30]. Thus, membranes with high 
diffusion permeability are characterized by high electrical 
conductivity in concentrated solutions. The counterion 
transfer number for membranes with higher diffusion 
permeability will be lower, since high diffusion permeabil-
ity means more co-ions are present in the membrane 
phase. High electrical conductivity, especially in dilute 
solutions, is a very important characteristic for the re-
verse electrodialyzer process, since it allows to reduce the 
internal resistance losses of the electromembrane stack. 
Counterion transport numbers were calculated using 
Eq. (7). The results are presented in Fig. 5. 
It can be seen that for different samples of Ralex mem-
branes, despite the detected differences in electrical con-
ductivity and diffusion permeability, the transport num-
bers differ insignificantly, both for cation-exchange and 
anion-exchange membranes. The maximum difference in 
concentrated (1 mol/L) solutions is negligible for Ralex CM 
and ±0.01 for Ralex AMH. 
For MK-40 and MA-41 membranes, the situation is 
drastically different. For MK-40 membrane, the difference 
in transfer numbers reaches ±0.05. The largest scatter 
was obtained for the MA-41 membrane, where, depending 
on the sample, the difference is ±0.1. 
The low selectivity of the MK-40 and MA-41 mem-
branes negatively affects the open circuit potential (OCV) 
and the power density of the reverse electrodialysis pro-
cess. We used Eq. (2) and the results obtained to calculate 
the OCV. Let us assume that Black Sea water (brine solu-
tion) is used as working solution, the concentration of 
which in terms of sodium chloride is 20 g/L, and “river 
water” (dilute solution) with a concentration of 0.2–
0.5 g/L NaCl. The number of membranes of each type is 
N = 9. 
Table 5 shows the results of calculating the OCV for the 
“best” (denoted by “+”) and “worst” (denoted by “-”) 




Fig. 5 Concentration dependence of the counterion transport number for cation-exchange (a) and anion-exchange (b) membranes. 
Batch 1 (a) and batch 2 (b). Membranes: 1, 1’ – MK-40, 2, 2’ – MA-41, 3, 3’ – Ralex CM, 4, 4’ – Ralex AMH.  
Membranes from batch 1 (1, 2, 3, 4) and membranes from batch 2 (1’, 2’, 3’, 4’). 
Table 5 The magnitude of the open circuit potential for various membrane pairs investigated in this work 
Membrane 
pair 
MK-40 (batch 2) 
MA-41 (batch 2) 
MK-40 (batch 1) 
MA-41 (batch 1) 
Ralex CM (batch 1) 
Ralex AMH (batch 1) 
Ralex CM (batch 1) 




OCV, V 1.65 1.56 1.66 1.65 1.70 1.69 
Quality* + – + – n/a n/a 
* “+” sign means the best possible membrane pair, a “-” sign means the worst possible membrane pair 
** calculated using Eq. (2) with 𝑇CEM
+ = 𝑇AEM
− = 1 
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As one can see from Table 5, the “best” pair MK-40 
(batch 2)/MA-41 (batch 2) shows results comparable to 
Ralex membranes. However, in the case of the “worst” set 
of characteristics, the OCV potential is significantly lower 
both for all studied membranes and for the case of “ideal 
selectivity”. Among the Ralex membranes, there is no sig-
nificant difference between the “best” and “worst” results. 
In addition, the experimental results obtained exceed 
those calculated for a given membrane pair, which may be 
because nine cation-exchange and nine anion-exchange 
membranes are used in the electrodialyzer; thus, the ob-
tained characteristics are averaged over the properties of 
these membranes. 
4. Conclusions 
This work shows the possibility of using a microheteroge-
neous model for describing the properties of ion-exchange 
membranes and calculating the characteristics of a reverse 
electrodialyzer using the data obtained. We studied the 
properties of eight samples of heterogeneous cation-
exchange membranes (two samples of each type of mem-
brane). The samples differed in the year of issue and stor-
age conditions. It has been shown that for heterogeneous 
ion-exchange membranes MK-40 and MA-41, the proper-
ties of the samples can differ significantly. Both the elec-
trical conductivity (higher for batch 2) and diffusion per-
meability (lower for batch 2) differ, which ultimately 
leads to a wide scatter of the obtained values of the trans-
fer numbers of counterions. For Ralex membranes, such 
significant differences were not observed between differ-
ent samples, with the exception of the extremely low dif-
fusion permeability of the Ralex AMH membrane (batch 1). 
The possibility of calculating the transfer numbers and 
predicting the open-circuit potential on this basis will al-
low in the future selecting the best membrane pairs for 
the reverse electrodialysis process based on measuring 
their physicochemical characteristics. The data obtained 
from these measurements on the electrical conductivity of 
ion-exchange membranes can also be used to calculate the 
ohmic components of the internal resistance of the elec-
trodialyzer. The latter characteristic, in turn, will allow 
calculating not only the open circuit potential, but also the 
theoretical power. 
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